The aim of the work was to assess the effects of three dietary protein regimes on pig performance and nitrogen (N) 18 excretion, in particular, whether performance can be maintained in lean, fast growing pigs when protein levels are 19 reduced to limit N excretion. Entire male pigs of a lean genotype (Pietrain × Large White × Landrace), 192 in total in 20 four batches, were grown from 40 to 115 kg in pens with four pigs per pen. The diets were: (i) a high-protein control 21 regime; (ii) a low-protein regime in which protein was reduced by ~2 percentage units in each growth stage, but with 22 levels of five essential amino acids the same as in the control (LP1); (iii) an even lower protein regime in which levels 23 of essential amino acids were not maintained beyond 60 kg (LP2). The LP2 regime was designed to promote 24 intramuscular fat deposition rather than efficient growth. Excretion of N was reduced by 17% and 19% in LP1 and 25 LP2, respectively, compared with the control. Average daily gain was lower and feed conversion ratio higher in LP2 26 than the other regimes, as expected. The control and LP1, which differed in protein but not essential amino acid 27 levels, produced broadly similar results for performance, but pigs in LP1 had poorer feed conversion than control 28 pigs, which could be due to slightly greater fat deposition. The results show the difficulty in maintaining consistently 29 high levels of performance in fast-growing, lean pigs when dietary protein levels are reduced. 30
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Additional keywords: feeding regime, growth performance, lean genotype, low protein, N pollution, pigs. 31 pers. comm.). This is probably because of the belief that high-protein diets increase lean growth and 36 performance (growth rate and feed conversion). Early research indeed showed that as protein levels 37 declined, fat deposition increased and performance fell (Davey and Morgan 1969; Cromwell et al. 1978) . 38 It is now known that dietary protein levels can be reduced considerably with limited effects on 39 performance, if levels of essential amino acids are kept at recommended levels (Canh et al. 1998; Lee and 40 Kay 2003) . This reduction in protein has benefits for the environment because it leads to lower excretion of 41 nitrogen (N) from pigs and pig units. Nitrous oxide and ammonia are potent greenhouse gases whose 42 production in agriculture is under increasing scrutiny from legislators (e.g. Gill et al. 2010) . 43 However, some studies have shown that even when low-protein diets are supplemented with essential 44 amino acids, a tendency towards increased fatness is seen, with a consequent reduction in performance 45 (Figueroa et al. 2002; Gomez et al. 2002) . This tendency is likely to be greater in lean than fat genotypes 46 (Wood et al. 2004) . Because of the importance of modern lean genotypes in producing meat at low cost, 47 further examination of the effects of low-protein diets is needed in high-performing pigs.
48
The present study was therefore conducted to determine whether performance could be maintained in 49 pigs of a lean commercial genotype when sizeable reductions in dietary protein levels were applied. A 50 high-protein control regime was compared with a low-protein regime in which essential amino acid levels 51 were the same as in the control throughout (LP1), and an even lower protein regime in which essential 52 amino acids were not maintained in the two final growth stages (LP2). The LP2 regime was designed to 53 promote fat deposition in muscle for possible improvement in pork eating quality. It served in this study to 54 illustrate the importance of balancing diets with amino acids when protein levels are reduced. Body and 55 carcass composition are examined in two companion papers: Wood et al. (2013) and Lambe et al. (2013 where µ is overall mean, LW_st i is LW at start, B is batch, R is row (location of pen in shed), DR is diet 116 regime, and e is residual error.
117
It was originally thought that a term for whether or not the pig had been CT scanned (the process 118 includes feed withdrawal and administration of an anaesthetic) should also be included in the models used 119 for data analysis. However, there were no consistent effects of the scanning procedure on any aspect of 120 performance (results not shown), so these factors were not considered.
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Results
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Effects of diet regime on LW, FI, ADG and FCR
123
Results are presented in The Gompertz model used to fit the individual LW data over time produced the growth curves shown in 143 Fig. 1 . These are the average curves for the four batches. The curves for control and LP1 treatments were 144 similar, with LP2 showing lower growth rate. The parameters of the growth curves are presented in Table   145 3. The close fit of the data is shown by the high R 2 values. Significantly lower mature weights (A) and a 146 lower maximum growth rate (B) were predicted for pigs in dietary regime LP2, with no significant 147 differences between the control and LP1. The days from the start when maximum growth rate (C) and half 148 the mature weight (HL) were achieved tended to be lowest in LP2, but these differences were not 149 significant.
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Nitrogen intake, retention and excretion
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The results there is a possibility that feed conversion and fatness may be compromised. 
